INTRODUCTION
============

Alternating hemiplegia of childhood (AHC) is a rare neurodevelopmental disorder characterized by recurrent paroxysmal hemiplegic attacks that affect one or the other side of the body.[@B1] A wide range of other symptoms can also accompany the hemiplegic episodes, such as ipsilateral dystonic spells, abnormal ocular movements (ocular deviation, monocular nystagmus, disconjugated gaze, and up-rolling of the eyes), dyspnea, and autonomic dysfunction, which can persist from minutes to days or even weeks. Up to 74% of patients with AHC have a pathologic variant in the *ATP1A3* gene, which encodes the α~3~ subunit of the neuronal specific Na^+^/K^+^ adenosine triphosphatase (ATPase) 1 protein (ATP1α~3~).[@B2] Most cases of AHC are sporadic, but families with autosomal dominant inheritance have been documented.[@B2][@B3]

The *ATP1A3* gene pathologic variant is detected in other distinct clinical syndromes, such as rapid-onset dystonia parkinsonism and cerebellar ataxia, areflexia, pes cavus, optic atrophy, and sensorineural hearing loss (CAPOS) syndrome. After the introduction of next-generation sequencing, intermediate cases and atypical cases, such as severe infantile epilepsy, severe hypotonia, relapsing encephalopathy and cerebellar ataxia, fever-induced weakness and encephalopathy, and rapid onset ataxia, have expanded the clinical spectrum of *ATP1A3*-related disorders.[@B1][@B4]

Herein, we report an atypical case of AHC, which has not yet been reported in Korea.

CASE DESCRIPTION
================

A 33-year-old man was admitted to our hospital on December 21th, 2009 with recurrent dyskinesia episodes. He had not had any problems during the perinatal period, but after his first birthday, his limbs had twisted intermittently. Symptoms occurred on either the right or left side limbs, starting from the leg to the arm, and occasionally occurred in the arm and leg simultaneously, or were only experienced on the arm or leg. The symptoms lasted from hours to days. He reported having frequent symptoms that were more than four times per week, and for almost every instance he reported crying. He was unable to move during the hemiplegic episodes and also had a history of convulsions that had occurred several times before starting elementary school. Without the episodes, his developmental milestones were normal in the childhood.

After he entered an elementary school, hemiplegic events recurred if he was nervous or encountered a new environment although it was not provoked by his crying anymore. Symptoms occurred on alternating sides and occasionally in all four extremities. However, once the symptoms presented on one side, the symptoms did not progress to the other side. His symptoms still lasted hours to days and recurred several times a week. Because of these frequent episodes, he could not complete the elementary school although he did not have mental retardation. However, he had not had growth or cognitive abnormality until he became an adult.

Before visiting our outpatient clinic, he reported that the symptoms manifested once a month, and lasted for three days to two weeks. The characteristics of the episodes were similar to the episodes during his elementary school age. When the attacks were not present, he could live normally and did not have cognitive dysfunction. He did not have any loss of consciousness during the attack. The family history revealed that his cousin was diagnosed with cerebral palsy and died in her twenties.

An initial neurological examination revealed motor weakness (motor power on upper and lower extremities: Medical Research Council grade IV- and III, respectively) and dystonia on the right side and peripheral type facial palsy ([Supplementary Video 1](#S1){ref-type="supplementary-material"}). There was no hearing loss or ataxic features, and other examination findings were normal. His mini-mental status exam score was 24/30 (−1 point in memory recall, −4 in attention and calculation, and −1 in interlocking pentagon drawing). In addition, the pes planovalgus deformity was identified in his feet ([Fig. 1](#F1){ref-type="fig"}).

![Pes planovalgus deformity of the patient.](jkms-35-e203-g001){#F1}

Brain magnetic resonance imaging (MRI) showed cerebellar atrophy ([Fig. 2](#F2){ref-type="fig"}) without any vascular lesions. There was no abnormal finding on Tc-99m-hexamethylpropylenamineoxime single photon emission computed tomography ([Fig. 3](#F3){ref-type="fig"}) during the hemiplegic attack on the right side. In addition, the result of the 24-hour video electroencephalogram monitoring during the hemiplegic attack was also normal. We tried quetiapine 50 mg per day and methazolamide 50 mg twice per day for symptomatic treatment, but they were not effective.

![Brain magnetic resonance imaging findings. (**A**) There are no abnormal findings in the basal ganglia. (**B**) Cerebellar atrophy is shown and (**C**) prominent in the vermis.](jkms-35-e203-g002){#F2}

![Tc-99m-hexamethylpropylenamineoxime single photon emission computed tomography reveals normal cerebral perfusion during the hemiplegic attack on his right side.](jkms-35-e203-g003){#F3}

Whole exome sequencing was conducted in August 2017, which revealed a heterozygous G947R variant in the *ATP1A3* gene (c.2839G \> C, read depth = 54; rs398122887), which is a known pathologic variant. The patient was treated with 5 mg of flunarizine three times per day, but this treatment was not effective and the patient discontinued because of dizziness.

Ethics statement
----------------

This study was approved by the Institutional Review Board (IRB) of Seoul National University Hospital (IRB No. 1601-048-733). A waiver of documentation of informed consent for the genetic analysis was granted as the requirements were satisfied. The informed consent for the figures and reports were obtained from the patient.

DISCUSSION
==========

AHC cases with G947R pathologic variant have been reported seven cases in the United States and United Kingdom cohorts (8.5% of reported cases),[@B2] and in seven cases from a Chinese cohort (15.6% of reported cases).[@B3] Among them, one was a familial case with an AHC-affected mother with the same pathologic variant, and another was an atypical case in which symptoms started at 30 months after birth.[@B3] In this case report, the onset of symptom development and progression are consistent with typical AHC, but cerebellar atrophy and pes planovalgus deformities are atypical manifestations.

There is no cerebellar atrophy in brain MRI scans for typical AHC cases. Our case did not have obvious ataxic symptoms despite the long duration of the disease, but the brain MRI revealed cerebellar atrophy. Actually, one case report reported atypical AHC cases with ataxic phenotype and cerebellar atrophy,[@B5] and rapid onset ataxia is another *ATP1A3*-related disorder.[@B6][@B7] Therefore, the cerebellar atrophy of this patient is another example of atypical manifestation of AHC.

The location of *ATP1A3* mutations is related to its clinical spectrum. Missense mutations in the transmembrane regions of *ATP1A3* protein were related to AHC rather than other phenotypes,[@B8] as in this case. Therefore, simple genotype-phenotype correlation could not explain the atypical features of the patient. ATP1α~3~ is highly expressed in the basal ganglia and cerebellum.[@B9] In the mouse model, experimental inhibition of ATP1α~3~ using regional infusion of ouabain, which is a selective inhibitor of Na^+^/K^+^-ATPase, provoked both ataxia and dystonia. The symptoms were dependent on infusion time and concentration of ouabain; shorter and lower inhibition resulted in ataxia, while longer and higher resulted in dystonia.[@B10] Interestingly, one case series reported a patient with childhood rapid-onset ataxia who later developed dystonia after a second febrile event.[@B6] Therefore, the asymptomatic cerebellar atrophy and other atypical features of the patient may be explained by complex combination of genetic influence and environmental damage on Na^+^/K^+^-ATPase in the brain.

The pes planovalgus seen in this case may be coincidental because the prevalence of the pes planus in adults is as common as 15%--23%.[@B11] However, pes planus has been identified in some genetic disorders, and it has been reported that the pes planovalgus can sometimes occur in Charcot-Marie-Tooth disease, of which the pes cavovarus deformity is the typical orthopedic characteristic.[@B12] Therefore, it may be a rare atypical foot deformity considering that the pes cavus can exist in about 32% of other *ATP1A*3-related disorders and in CAPOS syndrome.[@B1] Therefore, further orthopedic evaluation of AHC cases is needed because there is currently no report that summarizes foot deformities in AHC.

In conclusion, this is an atypical AHC case with cerebellar atrophy and pes planovalgus deformity. This case demonstrates the importance of the clinical approach in diagnosing AHC and other *ATP1A3*-related disorders.
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SUPPLEMENTARY MATERIAL
======================

###### Supplementary Video 1

The video shows alternating hemiplegia in the patient. Segment 1 (00:00). The patient demonstrates right side hemiplegia (motor power on upper and lower extremities: grade IV- and III, respectively), dystonic posturing, and peripheral type facial palsy. Segment 2 (01:15). The patient has left side hemiplegic and a dystonic event.
